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“MAKI NG THE RI GHT CONNECTI ON’
Pi ping Systens, Past, Present and Future
By

DAVID C. KELLY
“ PYPLOK® PROGRAM NVANAGER
Deut sch
Met al Conponents

Abstract

A fundanental concern of nenbers of the shipbuilding comunity is
the escalating cost of repairing and fabricating piping systens.
These shipbuilders are searching for ways to reduce installation
costs and to inprove the quality and tineliness of shipyard output.

The prinarY cost in attaching segnents of a ?iping system is
directly related to installation man-hours for welding or brazing,

flushing, hydro-static testing, quality assurance and potential re-
wor K. Thé nore |abor intensive the piping installation, the

greater the need for an alternative nethod.

New technol ogies have provided nore cost effective nethods for

permanent|y joining piping. One viable alternative is the Swage
Marine Fitting.

Swage Marine Fittings (SMF). are Mechanically applied connections
that significantly reduce "installation man-hours by elimnating
hot -work and conventional N.D.T.

This paper W ll discuss the history of welding and brazing —the
devel opnent of mechanically appliéd pipe connections and the

potential inpact that this technology will have on the future of
pi ping fabrication and repair.

-511-



The topic of this presentation, dealing with nechanically applied
Swage Marine Fittings, lends itself very well to the theme of the
1985 NSRP Synposium .."Mving Ahead Wth The I|nplenentation O
Advanced Technol ogy.”

Mechani cal |y applied pipe connections represent a new generation
pi pe joining technique that was developed to reduce the ever-
increasing costs associated with marine pi ping fabrication and

repair.

When utilizing conventional weld and sil-braze installation
met hods, the installation requirenents are often costly and tine
consum ng. There is a high skill level required for wel ders
installing high pressure piping systens. The mai ntenance of this
skill is acconplished through systematic training, qualification
and certification. The quality and integrity of conventionally
installed piping systenms are nostly dependent on the skill |evel of

the installer.

Conventional Piping Installations

The nmeans of attaching sections of piping and the installation of

conponents wthin a piping systemwll vary wth systens, medi a

pressure, tenperature and pipe naterial

The primary pipe joining nmethods comonpl ace in the marine industry

are wel ding, silver brazing and threading
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el di ng

Welding is the nmost conmmon neans of interconnecting ferrous

piping. Arc welding has historically been a major problem area in
mari ne pipe production. There are a nunber of variables that

be closely controlled to guarantee joint efficiency.

Pipe welding can become a very unconfortable process in nany

shi pboard environnments which in turn>effects overall productivity.

The fact that the welding process elevates the i medi ate wel d zone

to liquid tenperatures causes additional problens.

The netal lurgical properties of the piping and fitting material are
di sturbed during the installation. In addition to the chemcal and
physi cal changes that occur, a heat affected zone is established,
wher ei n, depending on material, nmet al | ur gi cal and  physica
properties such as localized annealing are highly probable. Qher

factors such as potential weld inclusions and porosity nust be

consi der ed.

After the welded installation is conpleted there is always a
probability of joint rework. The percentage of rejected pipe welds
will vary with each shipyard, but weld reject rates are always a

consideration with some yards docunmenting an unbelievabl e anount.
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O course the installed systemis then subjected to non-destructive
testing, hydrostatic testing and flushing. Wel ded installations
typically involve high |abor costs and conparatively |ow materi al

costs.

Brazi ng

Commonly used to attach cuprous piping and conponents is also a
| abor intensive technique that generally requires highly skilled

t echni ci ans.

There are several factors that nmust be considered beyond the actual
mechani cs of the sil-braze installation. When silver brazing “in-
pl ace” on-board ships, special precautions nust be taken to protect
the surrounding area. Ventillation ducting, wre-ways, non-
structual bul kheads, 1ighting and equi pment interferences nust be
protected from the open flame of the brazing torch. Avoiding heat-
rel ated damage to  adjacent conponents is an addi ti onal

responsibility of the pipe fabrication crew.

The post-installation cleanliness and flushing requirenents for

silver brazed piping are also very time consunming and expensive.

Hot flushing to elimnate contamnants and flux residue is a major

cost factor in cuprous piping installations.

Again the skill level of the installer is a mgjor influence on the

quality and integrity of the conpleted system
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Threaded Systens

Threaded systens are not as commonpl ace nor as labor intensive as

the two nethods previously discussed. They are, though, very

troubl esone due to the significant nunber of potential |eak paths

created through the threading process.
This potential for sSystens |eakage and the requirenments for
subsequent corrective action make the threaded piping system

potentially |abor intensive.

These three conventional pipe connecting methods have been

recogni zed for years as industry standards.

Rel i abl e cost saving alternatives have been virtually nonexi stent

- “until recently.”

Swage Marine Fittings

There are now several recognized alternatives to the nore

conventional pipe joining techniques:
The Swage Marine Fitting, the generic reference used by Nava

Sea Systenms Conmmand for PYPLOC'fittings manufactured by
Deutsch Metal Conponents of Los Angeles, California, and
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-- The Heat Recoverable Coupling, the NAVSEA reference for Cryofit
fittings manufactured by Raychem Corporation of Menlo Park,
Cal i fornia.

Bot h technol ogi es have been topics of technical papers presented at

either ASNE or SNAME synposi uns.

The nost recent presentation on PYPLOK'Swage Marine Fittings was

given by Commander Dennis Mahoney at the ASNE Shi pbuil di ng and
Repair Synposium in Septenber of 1981.

The information presented in CDR Mahoney’s paper was pgsed on
PYPLOK® Swage Marine Fitting prototype devel opment and potenti al
cost savings. At that time there were no maritinme approvals for

the use of Swage Mirine Fittings nor were there any studies

avai l abl e of actual PYPLOK'installations.

This paper will discuss actual case histories and Method
I nprovenent Studies conpiled by various U S Naval activities

denonstrating a tremendous cost savings per each jnstalled joint.
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Background of SMF (Swage Marine Fitting)

About (15) fifteen years ago the Deutsch Conpany devel oped a
technol ogy that canme to be known as the “Radial Swage Concept.”
Wiereby the outside dianeter of a specially designed fitting is

mechani cal |y reduced, brought into contact wth the pipe or tube,

creating a pre-determned deformation in that pipe or tube thereby

providing an intimte nmechani cal seal

This technology was first introduced to the aerospace industry-in

the formof an aircraft tube connector trade nanmed Pernmaswage’.

McDonnel | Douglas Was the first to use the Radial Swage Aircraft
Fitting in 1970.

Since then, Pernmaswage®Radi al Swage Fittings have been designed

into virtually every aircraft nmanufactured in the free world;

including the B-1 bonber, the Cruise Mssle and the Space Shuttle.

Permaswage“fittings are standard repair itens on all military
aircraft wth state-of-the-art radial swage tooling covered by a

M| -Spec (MI-K-87957).
In March of 1978, Deutsch Metal Conponents contacted Naval Sea

Systems Conmand with a devel opnent Proposal for a marine version

t he Permaswage®aircraft tube connector.
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NAVSEA was very receptive to the possibility of marine applications

of this very successful Radial Swaged Aircraft Fitting. After
extensive review of the Deutsch proposal, NAVSEA decided to proceed

with the PYPLOK project.

In conjunction with David Taylor Naval Research and Devel opnent
Center (DTNSRDC Annapolis, M), NAVSEA devel oped an extrenely
demanding test schedule for PYPLOK'Swage Marine Fittings that

included the follow ng tests:

Hydraul i c System Qualification (3,000 psiQ)

| npul se test - 1,000,000 cycles at 70 CPM 3750 psig peak

pressure.

- Flexure test - 80,000 cycles at 3750 psig static pressure and a

60 KSI bending stress for CRES fittings, 44 KSI for CNA fittings
at a rate of between 7 and 35 CPM

ML-S 167 vibration test - while pressurized at 3.,000 psig, at

frequencies between 4 and 50 Hz, with a 2-hour period at either

resonant frequency or 50 Hz if no resonance was found.

M L-S901C shock test (at 3,000 psig).
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- High tenperature aging test 275° £5°F (132 -137°C) for 1 week.

Burst test (five times pressure rating of pipe mninmm.

- Conpatibility testing - on thin wall CRES (.065 wall, Sch
and 90/ 10 CNA (.072 wall, CL 200).

- Tensile pull-out - tensile strength of fitting sanple nust

or exceed the mnimumyield strength of the pipe material.

Pneumati ¢ System Qualifications (6,000 psig)

5)

neet

Conbi ned i npul se/flexure - 80,000 cycles, pressures fromO to

5,625 psig, bending stresses fromOto 60 KS | for CRES, and Oto

44 KS | for CNA The rate of cycling was six to eight

m nut e. At the conpletion of this test, a proof test at 9,

per
000

psig was performed for 5 minutes. At intervals of approximtely

10, 000 cycles the procedure was interrupted, and with the peak

pressure, and bending stress still applied the sanples were

subjected to a cold soak at -100°F (-73°C) for 1 hour using

solid CQ. The test nediumwas ML-H 5606 hydraulic oil

- Vibration test - simlar to that indicated in (a) above, sanple

pressurized to 6,000 psig.

M L-S-901C shock test (at 6,000 psig).
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H gh tenperature aging test 450°F +5°F (232°C) for 1 week.

- Burst testing (24,000 psig, mninun.

- Conpatibility testing of the high pressure rated fitting on

thin-wal | pipe/tubing.

These tests were conducted on the follow ng pipe materials:

CRES (Corrosion Resistant Steel)
Car bon St eel
70/ 30 CNA
90/ 10 CNA
Copper

Al pipe wall thickness were tested in ferrous piping to Schedul e

160 and in cuprous pipe to dass 6000.

Thi s exhaustive testing was conducted over a (4) four vyear period

and i ndependently funded by Deutsch Metal Conponents.

The satisfactory conpletion of all requiredtesting and the
positive results of nunmerous trial applications were acknow edged
by Naval Sea Systens Command in a bl anket approval letter issued in

January 1985 approving the Navy-w de use of PYPLOK'Swage Marine
Fittings.
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This NAVSEA approval letter states that PYPLOK® Swage Marine
Fittings are approved for use on systens wWth an operating
tenperature of -60°F to + 400°F. Fittings manufactured from 316L
CRES are approved for use Up to 1-1/2" NPS (1.900”) on piping
materials of ~carbon steel and stainless steel in all wall

t hi cknesses up to Schedul e 160.

Fittings manufactured from 70/ 30 Copper N ckel (ML-C 15726) are
approved for use on piping materials of 70/30 CUNI, 90/10 CUNI and

copper in wall thicknesses up to Cass 6000.

As of this witing, PYPLOK'Swage Marine Fittings are not approved
by NAVSEA 08 for use on ships or submarines under the cognizance of

the U S. Navy Nucl ear Power Directorate.

Case Histories

PYPLOK'fittings are, however, approved for use in systens onboard

non- nucl ear surface ships.

Several Method Inprovenent Studies conducted by the U S. Navy have
denonstrated that through the wuse of OSwage Mrine Fittings,
shipyards can realize cost savings upwards of 70% on P-1 and P-2
ferrous piping systenms and upward of 50% on P-3A and P-3B cuprous

pi pi ng systens.
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A study conducted by production Engi neering, Code 383, at Puget
Sound Naval Shipyard (PSNS) of a fitting installation on the USS
Constellation reflected a cost savings of $64K on 314 installed
fittings of various configurations. Thi s breaks down to a very
i npressive savings of $203.00 per installed fitting. Thi s study

did not include any savings in systems flushing.

Asimlar study was conducted by production Engineering Code 383 at
Charl eston Naval Shipyard ( CNSY)

Shop 56 installed (130) PYPLOK’Swage Marine Fittings on the CO
activation side of the Halon 130-1 System onboard the USS Mahan
(DDG-42) thereby elimnating (312) P-1 weld joints. The tota
docunent ed savi ngs was $32,879.32 or a savings of $252.00 per
installed fitting.

These figures we conpiled by using both standard Navy stabilized

mat erial and | abor rates.

One other Method | nprovenent Study was docunented by the Shore
| nternedi ate Maintenance Activity, Norfolk, Virginia. This was a
cost savings evaluation by SIMA, Norfolk of a repair to the ASRCC
| oader hydraulics system (JSN W501-0487) onboard the USS Harry E.

Yar nel | .

A small quantity of PYPLOK°Swage Marine Fittings were used to
effect the repair and the cost savings was docunmented to be $403. 00

per installed fitting.
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Benefits of Swage Marine Fittings

How is it possible to denonstrate such a dramatic cost savings

through the use of PYPLOK'Swage Marine Fittings?

The theory behind the devel opnent of PYPLOK'was to controllably
increase the material cost of the fittings required for an
installation and dramatically reduce the associated nan-hour
requi renents. The nore labor intensive the piping project, t he

greater the reduction in direct and indirect |abor cost.

|f Swage Marine Fittings are given the proper considerations during
various stages of assenbly and fabrication, the piping can all be
pre-cl eaned and  pre-pickel ed. Post installation flushing
requi renents can be mnimzed or excluded; non-destructive testing

Is conpletely elimnated.

Due to the absence of any hot-work during the PYPLOK®installation

there is no need for a fire watch or any gas freeing.
Fittings can be installed in repair applications w thout systens

drai nage or precautionary flushing. Fittings can even be installed

i n various explosive atnospheres.
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The PYPLOK'system is a deliberate system wherein the installer
can piece a systemtogether and verify dinmensions and alignnment
prior to swaging. The installed fittings are one piece, pernmanent

and tanper-proof after installation

PYPLOK*fittings are manufactured in NPS, OD and netric sizes up to
2" NPS. They are available in materials of 70/30 CUNI, 316L CRES
and Carbon Steel. Al'though the U S. Navy has only approved the
use of standard configurations, they are commercially available in

various pressure rated flanges, reducers and adapters.

This technology lends itself to the devel opnent of a never ending
variety of configurations designed to satisfy the needs of the

marine piping industry.

The international market place has been nost receptive to this
technol ogy. PYPLOK"Swage Marine Fittings are presently being used
by the French Navy for the repair of non-nuclear systens on nucl ear

submari nes.

The British are using PYPLOK'fittings for both repair and new

construction in marine and industrial projects.

In Japan, |H has devel oped a design specification for PYPLOK®

applications on nunerous marine projects.

The inplementation of this technology is a worldw de interest that

affects marine and industrial projects on an international scale.
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Speci fications and Approvals

In addition to the NAVSEA approval discussed earlier, PYPLXK’
fittings have been approved by virtually every maritime approval

agency in the world including Lloyd s, NKK? DNV and the U S. Coast
Guard. Ameri can Bureau of Shipping has included PYPLOK Swage

Marine Fittings under their Equi pnent Type Approval Program.

A Mlitary Performance Specification on Swage Marine Fittings (SM)
has recently been subnitted to Naval Sea Systens Command for

revi ew.

The ASTM F-25 Commttee has a task group F-25.09.13 responsible for
devel oping a performance specification on PYPLOK (referenced as
“Mechanically Applied Fittings”) . This docunment is presently out

on prelimnary ballot to the ASTM pi pi ng subconm ttee.

PYPLOK fittings have been specifically called out as an option in

Section 505 of the Arleigh Burke DDG 51 piping specifications.
In the petro-chem cal industry, PYPLOK'technol ogy has been the

subj ect of i ndustry speci fications devel oped by Exxon

| nternational, Dow Chem cal, Dupont and others.
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The Future

The future of this technology is unlimted. Wth an approved M L-
SPEC and ASTM SPEC, PYPLOK'type fittings will be included in both
M L- STD-438 and M L-STD- 777. This devel opnent will provide marine
design engineers with the flexibility to specify PYPLOK® Swage
Marine Fittings on design drawings if the applications are

considered to be cost effective.

Gven the amazing reliability of installed PYPLOK'fittings and the
proven cost effectiveness in service, these Swage Marine Fittings

are destined to revolutionize the pipe connecting industry.

A shipyard is truly “noving ahead” through inplenmentation of this

advanced technol ogy.
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